, J^T^IWrcrB^^'fi 05 JUNZOOZ 

». -^^ Hi' 07 erf 91 5-5 

MIHAN et al. OZ 0050/50544 

MONOCYCLOPENTADIENYL COMPLEXES OF CHROMIUM, MOLYBDENUM OR TUNGSTEN 
Specification 

5 The subjects of the present invention are substituted monocyclo- 
pentadienyl, monoindenyl, monof luorenyl or heterocyclopentadienyl 
complexes of chromium, molybdenum or tungsten, wherein at least one 
of the substituents on the cyclopentadienyl ring bears a rigid donor 
10 function which is not exclusively bonded through sp^-hybridized carbon 
or silicon atoms, and a method for polymerizing olefins. 

Many of the catalysts that are employed to polymerize a-olefins 
are based on immobilized chromium oxides (see for example Kirk-Ot- 

15 hmer, "Encyclopedia of Chemical Technology", 1981, Vol, 16, page 
402). These produce among others ethylene homo- and copolymers with 
high molecular weights, but they are relatively invulnerable to hy- 
drogen and thus do not allow easy control of the molecular weight. By 
comparison, by using bis (cyclopentadienyl) chromium (US 3,709,853), 

20 bis (indenyl) chromium or bis (fluorenyl) chromium (US 4,015,059), which 
is applied to an inorganic oxidic carrier, the molecular weight of 
polyethylenes can easily be controlled by adding hydrogen. 

As in the Ziegler-Natta systems, with the chromium compounds as 
25 well there has been a recent search for catalyst systems with a uni- 
formly defined active center, so-called single-site catalysts. By 
controlled variation of the ligand structure, the goal is for the ac- 
tivity, copolymerization behavior of the catalyst, and the properties 
of the polymers thus obtained to be capable of being changed easily. 

30 

For instance, EP-A 742 046 discloses so-called constrained geome- 
try complexes of the 6th Subgroup, a special method for their prepa- 
ration (via metal tetraamides) , and a method for preparing a polyole- 
fin in the presence of such catalysts are disclosed. The ligand 
35 structure comprises an anionic donor, which is linked to a cyclopen- 
tadienyl radical. 

K. H. Theopold et al, in Organomet. (1996), 15, 5284-5286, de- 
scribe an analogous { [ (tert-butylamido)dimethylsilyl] ( tetramethylcy- 
40 clopentadienyl) } chromium chloride complex for the polymerization of 
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olefins. This complex selectively polymerizes ethylene, Comonomers 
such as hexene are not incorporated, nor can propene be polymerized. 

This disadvantage can be overcome by using structurally quite 
5 similar systems. For instance, DE-Al 197 10 615 describes donor li- 
gand-substituted monocyclopentadienylchromium compounds, with which 
propene for instance can also be polymerized. The donor here is from 
the 15th group of the periodic system and is neutral. The donor is 
10 bonded to the cyclopentadienyl ring via a (ZR2)n fragment, in which R 
is a hydrogen, alkyl or aryl, Z is an atom of the 14th group of the 
periodic system, and n = 1. DE-Al 196 30 580 states that the combina- 
tion of Z=carbon with an amine donor yields good results. 

15 WO-A 96/13529 describes reduced transition metal complexes of 
groups 4 through 6 of the periodic system with multi-dentate mono- 
anionic ligands . These include among others cyclopentadienyl li- 
gands, which preferably contain a donor function bonded via a (CR2)p 
bridge, where R equals hydrogen or a hydrocarbyl radical with from 1 

20 to 20 carbon atoms, and p = 1 to 4. The preferred transition metal is 
titanium. 

Further ligand systems in which the donor group is rigidly linked 
to the cyclopentadienyl radical are known. Such ligand systems and 

25 their metal complexes are, for example, summarized by P. Jutzi and U. 
Siemeling in J. Orgmet. Chem. (1995), 500, 175-185, Section 3. M. 
Enders et al, in Chem. Ber. (1996), 129, 459-463, describe 8-quino- 
lyl-substituted cyclopentadienyl ligands and their titanium and zir- 
conium trichloride complexes . 2-Picolylcyclopentadienyltitanium 

30 trichloride in combination with methylaluminoxane was used to poly- 
merize olefins by M. Blais, J. Chien and M. Rausch in Organomet. 
(1998), 17 (17), 3775-3783 . 

It was now the object of the present invention to find new cata- 
35 lyst systems that can easily be modified and are suitable for poly- 
merizing a-olefins. 

Accordingly, substituted monocyclopentadienyl, monoindenyl, mono- 
fluorenyl or heterocyclopentadienyl complexes of chromium, molybdenum 
40 or tungsten have been found, wherein at least one of the substituents 
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on the cyclopentadienyl ring carries a rigid donor function which is 
not exclusively bonded through sp^-hybridized carbon or silicon atoms. 

Furthermore, a method for polymerizing or copolymerizing olefins 
5 was found in which olefins are polymerized in the presence of the 
following components: 

(A) substituted monocyclopentadienyl, monoindenyl, monof luorenyl or 
10 heterocyclopentadienyl complexes of claim 1, of the general for- 
mula (I) 



20 



35 



Im 



[y— M— Xn]^ 

15 in which the variables have the following meaning: 
M chromium, molybdenum or tungsten 
Y is described by the following general formula II 



25 R4 



R3 



in which the variables have the following meaning: 

e1-e5 carbon or at maximum one of to E^ is phosphorus or nitro- 
30 gen, 

Z NR5r6, pr5r6^ or5, sr5, or an unsubstituted, substituted or 
condensed, partially unsaturated heterocyclic or heteroaro- 
matic ring system. 



B one of the following groups: 

R7 r8 r9 r10 R11 



-c=c- 



40 R12 
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and additionally, if Z is an unsubstituted, substituted or 
condensed, partially unsaturated heterocyclic or heteroaro- 
matic ring system, B can also be 



in which 

L^, l2 denotes silicon or carbon, 

k denotes 1, or if Z is an unsubstituted, substituted or con- 
densed, partially unsaturated heterocyclic or heteroaromatic 
ring system, is also 0, 

X independently of one another fluorine, chlorine, bromine, io- 
dine, hydrogen, Ci-Cio alkyl, C2-C10 alkenyl, C6-C20 aryl, al- 
kylaryl with from 1 to 10 C atoms in the alkyl radical and 
from 6 to 20 C atoms in the aryl radical, NRi^Rie^ OR^^^ SR^s, 
SO3R15, oc(0)Ri5, CN, SCN, p-diketonate, CO, BF4-, PFe-, or 
bulky non-coordinating anions, 

r1_r16 independently of one another hydrogen, C1-C20 alkyl, C2-C20 
alkenyl, C6-C20 aryl, alkylaryl with from 1 to 10 C atoms in 
the alkyl radical and from 6 to 20 C atoms in the aryl radi- 
cal, SiRi'^a, in which the organic radicals R^-Ri^ can also be 
substituted by halogens, and two geminal or vicinal radicals 
Ri-Rifi can also be joined to a 5- or 6-membered ring, 

Ri7 independently of one another hydrogen, C1-C20 alkyl, C2-C20 
alkenyl, C6-C20 aryl, alkylaryl with from 1 to 10 C atoms in 
the alkyl radical and from 6 to 20 C atoms in the aryl radi- 
cal, and two geminal radicals R^^ can also be joined to a 5- 
or 6-membered ring. 




n 



is 1, 2 or 3, 




MIHAN t al. OZ 0050/50544 

m is 1, 2 or 3, 

(B) optionally, one or more activator compounds, 
5 and 

(C) optionally, one or more additional catalysts conventionally used 
for the polymerization of olefins. 

10 

Furthermore, polymers of olefins that can be obtained by the pro- 
cess of the invention, as well as fibers, films and moldings which 
contain the olefin polymers according to the invention , have been 
found. 

15 

To make the binding to the cyclopentadienyl ring rigid, the most- 
direct linkage with the donor function contains at least one sp- or 
sp2-hybridized carbon atom, and preferably from one to three sp2-hy- 
bridized carbon atoms. Preferably, the direct linkage includes an un- 
20 saturated double bond or an aromatic compound, or forms a partially 
unsaturated or aromatic heterocyclic system with the donor. 

The cyclopentadienyl ring in the complexes according to the in- 
vention is typically ri^-bonded to the metal center, preferably chro- 

25 mium, and can also be a heterocyclicyclopentadienyl ligand; that is, 
at least one carbon atom can also be replaced by a hetero atom from 
the 15th or 16th Group. In that case, a C5 ring carbon atom is prefer- 
ably replaced with phosphorus. In particular, the cyclopentadienyl 
ring is substituted with further alkyl groups that can also form a 5- 

30 or 6-membered ring, such as tetrahydroindenyl, indenyl, benzoindenyl 
or fluorenyl. 

The donor is a neutral functional group containing an element of 
the 15th or 16th group of the periodic system, such as amine, imine, 
35 carboxamide, carboxylic acid ester, ketone (0x0), ether, thioketone, 
phosphine, phosphite, phosphine oxide, sulfonyl, sulfonamide, or un- 
substituted, substituted or condensed, partially unsaturated hetero- 
cyclic or heteroaromatic ring systems. 

40 
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Preferably, the substituted monocyclopentadienyl, monoindenyl, 
monof luorenyl or heterocyclopentadienyl complexes of the general for- 
mula ( I ) 

Y— M— Xnl I. 
J L Jm 

in which the variables have the following meaning; 

M chromium, molybdenum or tungsten 

Y is described by the following general formula II 



Z-B.-Ey 



15 \r3 

in which the variables have the following meaning: 

e1-e5 carbon or at maximum one of to E^ phosphorus or nitrogen, 

20 

Z NR5r6, pr5r6^ or5, sr^ , or an unsubstituted, substituted or con- 
densed, partially unsaturated heterocyclic or heteroaromatic ring 
system, 

25 B one of the following groups: 

r7 p8 p9 R10 R11 



30 

and additionally, if Z is an unsubstituted, substituted or con- 
densed, partially unsaturated heterocyclic or heteroaromatic ring 
system, B can also be 

35 

in which 

40 
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L^, l2 denotes silicon or carbon, 

k denotes 1 or, if Z is an unsubstituted, substituted or condensed, 
partially unsaturated heterocyclic or heteroaromatic ring system, 
5 is also 0, 

X independently of one another fluorine, chlorine, bromine, iodine, 
hydrogen, Ci-Cio alkyl, C2-C10 alkenyl, C6-C20 aryl, alkylaryl with 
10 from 1 to 10 C atoms in the alkyl radical and from 6 to 20 C 
atoms in the aryl radical, NR15r16^ 0R15, srIs, sOaR^s^ 0C(0)Ri5, 
CN, SCN, P-diketonate, CO, BF4-, PFe-, or bulky non-coordinating 
anions, 

15 R^-R^^ independently of one another hydrogen, C1-C20 alkyl, C2-C20 al- 
kenyl, C6-C20 c^J^yl/ alkylaryl with from 1 to 10 C atoms in the 
alkyl radical and from 6 to 20 C atoms in the aryl radical, 
SiR^^a, in which the organic radicals R^-R^^ can also be substi- 
tuted by halogens, and two geminal or vicinal radicals R^-R^^ can 

20 also be joined to a 5- or 6-membered ring, 

rI'^ independently of one another hydrogen, C1-C20 alkyl, C2-C20 alke- 
nyl, C6-C20 aryl, alkylaryl with from 1 to 10 C atoms in the alkyl 
radical and from 6 to 20 C atoms in the aryl radical, and two 
25 geminal radicals R^^ can also be joined to a 5- or 6-membered 
ring, 

n is 1, 2 or 3, 

30 m is 1, 2 or 3. 

The transition metal M is in particular chromium. 

Y is a substituted cyclopentadienyl system, and the radical -Bk-Z 
35 carries a rigidly bonded donor function. The cyclopentadienyl ring is 
bonded to the transition metal via an r|5 bond. The donor can be bonded 
coordinatively or non-coordinated. Preferably, the donor is intramo- 
lecular ly coordinated to the metal center. 

40 
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to are preferably four carbons and one phosphorus atom or 
are only carbon atoms, and quite particularly preferably all of 
through are carbon. 

5 Z can for instance together with the bridge B form an amine, 
ether, thioether, or phosphine. However, Z can also be an unsubsti- 
tuted, substituted or condensed, heterocyclic aromatic ring system, 
which can in addition to carbon ring members contain hetero atoms 
10 from the group of oxygen, sulfur, nitrogen and phosphorus. Exeunples 
of 5-ring heteroaryl groups, which besides carbon atoms can contain 
from one to four nitrogen atoms and/or one sulfur or oxygen atom as 
ring members, are 2-furyl, 2-thienyl, 2-pyrrolyl, 3-isoxazolyl, 

5- isoxazolyl , 3-isothiazolyl , 5-isothiazolyl , 1-pyrazolyl , 3-pyrazo- 
15 lyl, 5-pyrazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 2-thiazolyl, 

4-thia2olyl, 5-thiazolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl, 
l,2,4-oxadiazol-3-yl, l,2,4-oxadiazol-5-yl, l,3,4-oxadiazol-2-yl, or 
l,2,4-triazol-3-yl. Examples of 6-membered heteroaryl groups, which 
can contain from one to four nitrogen atoms and/or one phosphorus 
20 atom, are 2-pyridinyl, 2-phosphabenzolyl, 3-pyridazinyl, 2-pyrimidi- 
nyl, 4-pyrimidinyl, 2-pyrazinyl, l,3,5-triazin-2-yl, and 1,2,4-tria- 
zin-3-yl, l,2,4-triazin-5-yl, or l,2,4-triazin-6-yl. The 5-ring and 

6- ring heteroaryl groups can also be substituted by Ci-Cio alkyl, 
Cs-Cio aryl, alkylaryl with from 1 to 10 C atoms in the alkyl radical 

25 and six to ten C atoms in the aryl radical, trialkylsilyl or halo- 
gens, such as fluorine, chlorine or bromine, or can be condensed with 
one or more aromatic or heteroaromatic groups. Examples of benzo-con- 
densed 5-membered heteroaryl groups are 2-indolyl, 7-indolyl, 2-cuma- 
ronyl , 7-cumaronyl , 2-thionaphthenyl , 7-thionaphthenyl , 3-indazolyl , 

30 7-indazolyl, 2-benzimidazolyl or 7-benzimidazolyl. Examples of ben- 
zo-condensed 6-membered heteroaryl groups are 2-quinolyl, 8-quinolyl, 
3-cinnolyl, 8-cinnolyl, 1-phthalazyl, 2-quinazolyl, 4-quinazolyl, 
8-quinazolyl, 5-quinoxalyl, 4-acridyl, 1-phenanthridyl or 1-phenazyl. 
The nomenclature and number of the heterocycles has been taken from 

35 L. Fieser and M. Fieser, Lehrbuch der organischen Chemie ["Textbook 
of Organic Chemistry"], 3rd revised edition, Verlag Chemie, Weinheim, 
1957. In a preferred embodiment, Z is an unsubstituted, substituted 
or condensed, heteroaromatic ring system or NR^rS. 

40 
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Simple systems are preferred here, which are easily accessible 
and inexpensive and are selected from the following group: 



R19 R24 r25 



5 




2-pyridyl 8-quinolyl 



10 

By a suitable choice of the radicals R^^ to r27, an influence can 
be exerted on the activity of the catalyst and on the molecular 
weight of the resultant polymer. The substituents R^^ to r27 are the 
same radicals as described for Ri to R^^ and halogens, such as fluo- 

15 rine, chlorine or bromine; optionally, two vicinal radicals R^^ to r27 
can also be joined to a 5- or 6-membered ring and can also be substi- 
tuted by halogens, such as fluorine, chlorine or bromine. Preferred 
radicals R^^ to r27 are hydrogen, methyl, ethyl, n-propyl, n-butyl, 
tert. -butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, vinyl, allyl, ben- 

20 zyl, phenyl, naphthyl, biphenyl and anthranyl, as well as fluorine, 
chlorine or bromine. Organosilicon substituents are in particular 
trialkylsilyl groups with from 1 to 10 C atoms in the alkyl radical, 
especially trimethylsilyl groups. Quite particularly preferably, Z is 
an unsubstituted or substituted, for instance alkyl-substituted, qui- 

25 nolyl which is in particular linked at position 8, such as 8-quino- 
lyl/ 8-(2-methylquinolyl) , 8- ( 2 , 3 , 4-trimethylquinolyl ) , 
8-{2,3,4,5,6,7-hexamethylquinolyl) . It is very easy to prepare and at 
the same time provides very good activities. 



30 The rigid bridging B between the cyclopentadienyl ring and the 
functional group Z is an organic diradical, consisting of carbon and/ 
or silicon units with a chain length of one to three. The activity of 
the catalyst can be influenced by varying the linkage length between 
the cyclopentadienyl ring and the hetero atom donor. Since the type 

35 of Z also influences the number of bridging atoms between the cyclo- 
pentadienyl radical and the hetero atom, manifold combinations of B 
with Z can be used for purposes of influence here. B can be bonded to 
Z with or with CR^. For the sake of easy preparation, the combina- 
tion in which B is CH=CH or 1 , 2-phenylene, and Z is NR5r6, or the com- 

40 bination in which B is CH2, C(CH3)2 or Si(CH3)2 and Z is unsubstituted 

9 
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or substituted 8-quinolyl or unsubstituted or substituted 2-pyridyl 
are preferred. Systems without bridges B, in which k is 0, are par- 
ticularly easy to obtain. In this case, the preferred Z is unsubsti- 
tuted or substituted quinolyl, in particular 8-quinolyl. 

5 

Various properties of the catalyst system can also be changed by 
varying the substituents to R^^. The number and type of substitu- 
ents, especially R^ to R^, can influence the accessibility of the met- 

10 al atom M for the olefins to be polymerized. For instance, it is pos- 
sible to modify the activity and selectivity of the catalyst for var- 
ious monomers, in particular sterically demanding monomers. Since the 
substituents can also have an effect on the speed of termination 
reactions of the growing polymer chain, the molecular weight of the 

15 resultant polymers can also be changed thereby. The chemical struc- 
ture of the substituents R^ to R^^ can therefore be varied within wide 
ranges in order to obtain the desired results and achieve a tailor- 
made catalyst system. C-organic substituents R^ to R^^ are for 
instance: C1-C20 alkyl, wherein the alkyl can be linear or branched, 

20 such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
tert. -butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl 
or n-dodecyl, 5 to 7-membered cycloalkyl, which in turn can carry a 
Ce-Cio aryl group as a substituent, such as cyclopropane, cyclobutane, 
cyclopentane, cyclohexane, cycloheptane, cyclooctane, cyclononane, or 

25 cyclododedcane, C2-C20 alkenyl, wherein the alkenyl can. be linear, cy- 
clic or branched and the double bond can be internal or in a terminal 
position, such as vinyl, 1-allyl, 2-allyl, 3-allyl, butenyl, pente- 
nyl, hexenyl, cyclopentenyl, cyclohexenyl, cyclooctenyl, or cyclooc- 
tadienyl, C6-C20 aryl, wherein the aryl radical can be substituted by 

30 further alkyl groups, such as phenyl, naphthyl, biphenyl, anthranyl, 
0-, m-, p-methylphenyl , 2,3-, 2,4-, 2,5-, or 2 , 6-dimethylphenyl, 
2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 2,4,6-, or 3,4,5-trimethylphenyl, or 
arylalkyl, in which the arylalkyl can be substituted by further alkyl 
groups, such as benzyl, o-, m-, p-methylbenzyl, 1- or 2-ethylphenyl, 

35 wherein optionally two R^ to R^^ radicals can also be joined to a 5- 
or 6-membered ring, and the organic radicals R^ - R^^ can also be sub- 
stituted by halogens, such as fluorine, chlorine or bromine. For or- 
ganosilicon substituents SiRi'^3, the seime radicals as listed above for 
R^ - Rifi are suitable as R^'^, wherein two R^'' radicals can also be 

40 joined to a 5- or 6-membered ring, examples being trimethylsilyl, 

10 
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triethylsilyl , butyldimethylsilyl , tributylsilyl , tr iallylsilyl , tri- 
phenylsilyl, or dimethylphenylsilyl • Preferred - r16 radicals are 
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
tert. -butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, vinyl, allyl, ben- 
5 zyl, phenyl, ortho-dialkyl- or dichloro-substituted phenyls, trial- 
kyl- or trichloro-substituted phenyls, naphthyl, biphenyl, and an- 
thranyl. Organosilicon substituents are in particular trialkylsilyl 
groups with from 1 to 10 C atoms in the alkyl radical, especially 

10 trimethylsilyl groups. Especially preferred and R^ radicals are 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert. -butyl, 
n-pentyl, n-hexyl, n-heptyl, n-octyl, allyl, benzyl, phenyl, or 
trialkylsilyl groups. Preferably, R^ to R^ are hydrogen, methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert. -butyl, n-pentyl, 

15 n-hexyl, n-heptyl, n-octyl, benzyl, or phenyl. In preferred transi- 
tion metal complexes, e^E^e^e^eS together with r1r2r3r4 are monoalkyl- 
cyclopentadienyl such as 3-methylcyclopentadienyl , 3-ethylcyclopenta- 
dienyl , 3-isopropylcyclopentadienyl , 3-tert . -butylcyclopentadienyl , 
dialkylcyclopentadienyl such as tetrahydroindenyl , 2 , 4-dimethylcyclo- 

20 pentadienyl or 3-methyl-5-tert .-butylcyclopentadienyl, trialkylcyclo- 
pentadienyl such as 2,3,5-trimethylcyclopentadienyl, or tetraalkylcy- 
clopentadienyl such as 2,3,4, 5-tetramethylcyclopentadienyl . Compounds 
in which two vicinal R^ to R^ radicals form a condensed 6-membered 
ring system are also preferred, in which E^E^E^E^E^ together with 

25 r1r2r3r4 represents an unsubstituted or substituted indenyl, such as 
indenyl, 2-methylindenyl, 2-ethylindenyl, 2-isopropylindenyl , 3-me- 
thylindenyl , 4-phenylindenyl , 2-methyl-4-phenylindenyl , or 4-naphthy- 
lindenyl or benzindenyl system, such as benzindenyl or 2-methylben- 
zindenyl. In quite particularly preferred transition metal complexes, 

30 e1e2e3e4e5 together with r1r2r3r4 is an indenyl. 

Like the metallocenes, the transition metal complexes can also be 
chiral. Thus on the one hand the cyclopentadienyl radical can have 
one or more chiral centers, or the cyclopentadienyl system itself may 

35 be only enantiotopic, so that the chirality is not induced until it 
has bonded to the transition metal M. This can be accomplished for 
instance simply by two different substituents (the donor substituents 
and for instance an alkyl radical) on the cyclopentadienyl ring, in 
order in this way to be capable of obtaining R and S enantiomers of 

40 the transition metal complexes (for the formalism of the chirality of 
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cyclopentadienyl compounds, see R. Halterman, Chem. Rev, 92 (1992), 
965-994). 

The substituents X result for instance from the choice of the 
5 corresponding starting metal compounds that are used to synthesize 
the metal complexes, but they can also be varied afterward as well. 
The substituents X are in particular halogens, such as fluorine, 
chlorine or bromine or iodine, and among them particularly chlorine. 

10 Simple alkyl radicals, such as methyl, ethyl, propyl, butyl, vinyl, 
allyl, phenyl or benzyl also represent advantageous ligands X. As 
further ligands X, merely as an example and in no way conclusively, 
trif luoroacetate, BF4-, PFg-, and weakly or noncoordinating anions 
(see for instance S. Strauss in Chem. Rev. 1993, 93, 927-942) such as 

15 B(C6F5)4- can be named. Calling the ligands X anions does not in any 
way define what type of bond there is with the transition metal M. 
For instance, if X is a non-coordinating or weakly coordinating 
anion, then the interaction between the metal M and the ligand X is 
electrostatic in nature. The various types of bonds are known to one 

20 skilled in the art. 

Amides, alcoholates, sulfonates, carboxylates and P-diketonates 
are also especially suitable. By varying the R^s and R^^ radicals, it 
is possible to fine-tune such physical properties as solubility. As 

25 the r15 and R^^ radicals, the following are preferably used: Ci-Cio al- 
kyl, such as methyl, ethyl, n-propyl, n-butyl, tert. -butyl, n-pentyl, 
n-hexyl, n-heptyl, n-octyl, as well as vinyl, allyl, benzyl and phe- 
nyl. Some of these substituted ligands X are used quite particularly 
preferably, since they are obtainable from inexpensive and easily ac- 

30 cessible starting materials. Thus it is a particularly preferred em- 
bodiment if X denotes dimethylamide, methanolate, ethanolate, isopro- 
panolate, phenolate, naphtholate, trif late, p-toluene sulfonate, ace- 
tate, or acetyl acetonate. 

35 The number n of ligands X depends on the oxidation stage of the 
transition metal M. Hence it is not possible to state the number n 
universally. The oxidation stage of the transition metals M in cata- 
lytically active complexes are usually known to one skilled in the 
art. Quite likely, chromium, molybdenum or tungsten are in the oxida- 

40 tion stage +3. However, complexes can also be used whose oxidation 
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stage is not equivalent to that of the active catalyst. Such com- 
plexes can then be reduced or oxidized accordingly by suitable acti- 
vators. Preferably, chromium complexes of oxidation stage +3 are 
used. 

5 

The donor Z can be coordinatively bonded to the transition metal 
M. This can be done inter- or intramolecular ly. The donor Z is pre- 
ferably coordinatively bonded intramolecular ly to M. However, this 
10 can change over the course of the polymerization. 

The transition metal complex of formula I can be in the form of a 
monomeric, dimeric or trimeric compound, in which case 1 is then 1, 2 
or 3. For instance, one or more ligands X can bridge two metal cen- 
15 ters M. / 

Preferred complexes are for instance l-(8-quinolyl)-2-meth- 
yl-4-methylcyclopentadienylchromium ( III ) dichloride, 1- ( 8-quino- 
lyl)-3-isopropyl-5-methylcyclopentadienylchromium (III ) dichloride, 

20 1- ( 8-quinolyl ) -3-tert . -butyl-5-methyl cyclopentadienylchromium ( III ) 
dichloride , 1- ( 8-quinolyl ) -2 , 3 , 4 , 5-tetramethylcyclopentadienylchro- 
mium (III ) dichloride, l-( 8-quinolyl )tetrahydroindenylchromium (III) 
dichloride , 1- ( 8-quinolyl ) indenylchromium ( III ) dichloride , 1- ( 8-qui- 
nolyl ) -2-methylindenylchromium ( III ) dichloride , 1- ( 8-quino- 

25 lyl) -2-isopropylindenylchromium (HI) dichloride, l-( 8-quino- 
lyl ) -2-ethylindenylchromium ( III ) dichloride , 1- ( 8-quinolyl ) -2-tert . - 
butylindenylchromium ( III ) dichloride, 1- ( 8-quinolyl )benzindenylchro- 
mium ( III ) dichloride , 1- ( 8-quinolyl ) -2-methylbenzindenylchromium 
( III ) dichloride, 1- ( 8- ( 2-methylquinolyl ) ) -2-methyl-4-methylcyclopen- 

30 tadienylchromium (HI) dichloride, l-( 8- (2-methylquino- 

lyl ) ) -2 , 3 , 4 , 5-tetramethylcyclopentadienylchromium ( HI ) dichloride , 
1- ( 8- (2-methylquinolyl ) ) tetrahydroindenylchromium ( III ) dichloride , 
l-( 8- (2-methylquinolyl) ) indenylchromium (III) dichloride, l-(8-(2-me- 
thylquinoly) ) -2-methylindenylchromium (III) dichloride, l-(8-(2-me- 

35 thylquinoly) ) -2-isopropylindenylchromium (HI) dichloride, 

1- ( 8- ( 2-methylquinolyl ) ) -2-ethylindenylchromium ( HI ) dichloride, 
1- ( 8- ( 2-methylquinolyl ) ) -2-tert . -butylindenylchromium ( HI ) dichlo- 
ride, l-( 8- ( 2-methylquinolyl) )benzindenylchromium (HI) dichloride, 
or l-( 8- (2-methylquinolyl) ) -2-methylbenzindenylchromium (HI) dichlo- 

40 ride. 
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The preparation of functional cyclopentadienyl ligands has long 
been known. Various ways of synthesizing these complex ligands are 
described for instance by M. Enders et al.^ in Chem, Ber. (1996), 
5 129, 459-463, or by ?• Jutzi and U. Siemeling in J. Orgmet. Chem. 
(1995), 500, 175-185. 

The metal complexes, in particular the chromium complexes, can be 
10 obtained in a simple way if the applicable metal salts, such as metal 
chlorides, are reacted with the ligand ions (for instance, analogous- 
ly to the examples in DE 197 10 615). 

The process of the invention for polymerizing olefins can be com- 

15 bined with all the industrially polymerization processes at tempera- 
tures in the range from 20 to SOO^C and at pressures of 5 to 4000 bar. 
The advantageous pressure and temperature ranges for performing the 
process accordingly depend heavily on the polymerization method. Thus 
the catalyst systems used according to the invention can be employed 

20 in all known polymerization processes, such as in high-pressure poly- 
merization processes in tubular reactors or autoclaves, in suspension 
polymerization processes, in solution polymerization processes, or in 
gas phase polymerization. In the high-pressure polymerization pro- 
cesses, which are typically performed at pressures between 1000 and 

25 4000 bar and in particular between 2000 and 3500 bar, high polymer- 
ization temperatures are as a rule set as well. Advantageous tempera- 
ture ranges for these high-pressure polymerization processes are be- 
tween 200 and 280^0, and in particular between 220 and 270^0. In low- 
pressure polymerization processes, as a rule a temperature is set 

30 that is at least a few degrees below the softening temperature of the 
polymer. Particularly in these polymerization processes, temperatures 
between 50 and 180oc, and preferably between 70 and 120<^C, are set. In 
suspension polymerization, polymerization is typically carried out in 
a suspension agent, preferably an alkane. The polymerization tempera- 

35 tures are generally in the range from -20 to IIS^C and the pressure is 
in general in the range from 1 to 100 bar. The solids content in the 
suspension is in general in the range from 10 to 80%. The process can 
be carries out discontinuously, for instance in agitator autoclaves, 
or continuously, for instance in tubular reactors, preferably in loop 

40 reactors. In particular, the Phillips-PF process, as described in US 
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Patents 3,242,150 and 3,248,179 can be adopted. Among the polymeriza- 
tion processes named, the process according to the invention is par- 
ticularly preferred as a gas phase polymerization, in particular in 
gas phase fluidized bed reactors, as a solution polymerization, and 
5 as a suspension polymerization, especially in loop and agitator boil- 
er reactors. Gas phase polymerization can also be conducted in the 
so-called condensed, supercondensed or supercritical mode. The vari- 
ous polymerization processes, or one of the polymerization processes, 
10 can also be conducted in series in a polymerization cascade. To regu- 
late the polymer properties, an additive such as hydrogen can also be 
used in the polymerization processes. 

By the process of the invention, various olefinically unsaturated 

15 compounds can be polymerized, which also includes copolymerization. 
In contrast to some known iron and cobalt complexes, the transition 
metal complexes used according to the invention exhibit good polymer- 
ization activity even with higher a-olefins, so that their suitabil- 
ity for copolymerization should be especially emphasized. Olefins 

20 which are suitable are not only ethylene and a-olefins with from 3 to 
12 carbon atoms, such as propene, 1-butene, 1-pentene, 1-hexene, 
1-heptene, 1-octene, 1-nonene, 1-decene or 1-dodecene, but also in- 
ternal olefins and non-conjugated and conjugated dienes such as buta- 
diene, 1 , 5-hexadiene or 1 , 6-heptadiene, cyclic olefins such as cyclo- 

25 hexene, cyclopentene, or norbornene, and polar monomers such as 
acrylic acid ester, acroleine, acrylonitrile, vinyl ether, allyl 
ether, and vinyl acetate. Vinylaromatic compounds such as styrene can 
also be polymerized by the process of the invention. Preferably, at 
least one olefin is selected from the group of ethene, propene, 1-bu- 

30 tene, 1-pentene, 1-hexene, 1-heptene, 1-octene, and 1-decene. A pre- 
ferred embodiment of the process of the invention is characterized in 
that as the monomers, mixtures of ethylene with C3-C12 a-olefins are 
used. Unlike some iron and cobalt compounds, higher a-olefins can 
also be very well polymerized with the catalyst system of the inven- 

35 tion. In further preferred embodiment of the process of the inven- 
tion, an olefin selected from the group of propene, 1-butene, 1-pen- 
tene, 1-hexene, 1-heptene, and 1-octene is polymerized. Especially 
these last-named olefins can also, in liquefied or liquid state, form 
the solvent in the polymerization and copolymerization reaction. 

40 
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Some of the metal complexes of the invention are intrinsically 
not or only slightly polymerization-active and are then, to enable 
developing good polymerization activity, put into contact with an ac- 
tivator, that is, component (B). Activator compounds are for excimple 
5 those of the alumoxane type, especially methylalumoxane MAO- Alumox- 
anes are prepared for instance by controlled addition of water, or 
substances containing water, to alkylaluminum compounds, in particu- 
lar trimethylaluminum. Alumoxane components that are suited as co- 

10 catalysts are available commercially. It is assumed that they are a 
mixture of cyclic and linear compounds. The cyclic alumoxanes can be 
summarized by the formula (R28a10)s/ and the linear aluminoxanes can 
be summarized by the formula r28(r28^io)sA1r282/ in which s indicates 
the degree of oligomerization, and is a number from approximately I 

15 to 50. Advantageous alumoxanes essentially contain alumoxane oligom- 
ers with a degree of oligomerization of approximately 1 to 30, and r28 
is preferably a Ci-Cg alkyl and especially preferably methyl, ethyl, 
butyl or isobutyl. 

20 Besides the alumoxanes, compounds which are used in the so-called 
cationic activation of metallocene complexes can also be used as ac- 
tivator components. Such activator components are known for instance 
from EP-Bl 0 468 537 and EP-Bl 0 427 697. Such activator compounds 
(B) are in particular boranes, boroxines or borates such as trialkyl- 

25 borane, triarylborane, trimethylboroxine, dimethylaniliniumtetraaryl 
borate, trityltetraaryl borate, dimethylaniliniumboratabenzenes or 
tritylboratabenzenes (see WO-A 97/36937). Boranes or borates that 
carry at least two perf luorinated aryl radicals are especially pre- 
ferred. Especially suitable activator compounds (B) are compounds 

30 from the group of aluminoxane, dimethylaniliniumtetrakispentaf luoro- 
phenyl borate, trityltetrakispentaf luorophenyl borate, or trispenta- 
fluorophenyl borane. 

It is also possible to use activator compounds with elevated oxi- 
35 dant properties, such as silver borates, in particular silver tetra- 
kispentaf luorophenyl borate or ferrocenium borates, in particular 
ferrocenium tetrakispentaf luorophenyl borate or ferrocenium tetraphe- 
nyl borate. 

40 
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Further activator components which are suitable are compounds 
such as aluminum alkyls, in particular trimethylaluminum, triethyla- 
luminum, triisobutylaluminum, tributylaluminum, dimethylaluminum 
chloride, dimethylaluminum fluoride, methylaluminum dichloride, me- 
5 thylaluminum sesquichloride, diethylaluminum chloride, or aluminum 
trifluoride. The hydrolysis products of aluminum alkyls with alcohols 
can also be used (see for instance WO-A 95/10546) • 

10 Further activator compounds which are suitable are alkyl com- 
pounds of lithium, magnesium or zinc, such as methylmagnesium chlo- 
ride, methylmagnesium bromide, ethylmagnesium chloride, ethylmagne- 
sium bromide, butylmagnesium chloride, dimethylmagnesium, diethylmag- 

' nesium, dibutylmagnesium, methyllithium, ethyllithium, methylzinc 

15 chloride, dimethylzinc, or diethylzinc. 

Sometimes it is desirable to use a combination of different acti- 
vators. This is for instance known for the metallocenes in which bo- 
ranes, boroxines (WO-A 93/16116) and borates are often used in com- 
20 bination with an aluminum alkyl. In general, a combination of differ- 
ent activator components with the transition metal complex of the in- 
vention is also possible. 

The quantity of activator compounds to be used depends on the 
25 type of activator. In general, the molar ratio of metal complex (A) 
to activator compound (B) can range from 1:0.1 to 1; 10000; preferred 
ratios are 1:1 to 1:2000. The molar ratio of metal complex (A) to di- 
methylaniliniumtetrakispentaf luorophenyl borate, trityltetrakispenta- 
fluorophenyl borate, or trispentaf luorophenylborane is between 1:1 
30 and 1:20, preferably between 1:1 and 1:15, and especially preferably 
between 1:1 and 1:5, while to methylaluminoxane it is preferably be- 
tween 1:1 and 1:2000 and especially preferably between 1:10 and 
1:1000. Since many of the activators, such as aluminum alkyls, are 
simultaneously used (as so-called scavengers) for removing catalyst 
35 poisons, the quantity used depends on the contamination of the other 
substances used. One skilled in the art can determine the optimal 
quantity by simple trial and error, however. 

The transition metal complex can be contacted with the activator 
40 compound or compounds either before or after contacting with the ole- 
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fins to be polymerized. A preactivation with one or more activator 
compounds before the thorough mixing with the olefin and a further 
addition of the same or other activator compounds after this mixture 
has been contacted with the olefins is also possible. As a rule, a 
5 preactivation is done at temperatures between 10 and 100«>C, preferably 
between 20 and 80oc. 

Also, more than one of the transition metal complexes of the in- 
10 vention can be put into contact simultaneously with the olefin to be 
polymerized. This has the advantage that a wide range of polymers can 
thus be created. In this way, bimodal products for instance can be 
produced. 

15 An equally broad product spectrum can be achieved by using the 
complexes of the invention in combination with at least one catalyst 
(C) that is conventionally used for the polymerization of olefins. 
Catalysts (C) are in particular classical titanium-based Ziegler- 
Natta catalysts, classical Phillips catalysts based on chromium ox- 

20 ides, metallocenes, the so-called constrained geometry complexes (see 
for instance EP-A 0 416 815 or EP-A 0 420 436), nickel and palladium 
bisimine systems (for whose preparation, see WO-A 98/03559), iron and 
cobalt pyridine bisimine compounds (for whose preparation, see WO-A 
98/27124) or chromium amides (see for instance 95 JP-170947) can be 

25 used in particular. Thus by such combinations, it is for instance 
possible to prepare bimodal products, or comonomers can be created in 
situ. Preferably, at least one transition metal complex (A) is used 
in the presence of at least one catalyst (C) that is usual for the 
polymerization of olefins, and optionally one or more activator com- 

30 pounds (B) is used as well. Depending on the catalyst combinations (A 
and C), one or more activators are advantageous. The polymerization 
catalysts (C) can also supported and used simultaneously, or can be 
used in an arbitrary order with the complex (A) of the invention. 

35 The catalysts (A) of the invention are optionally supported by an 
organic or inorganic carrier and used in supported form in the poly- 
merization. This is one usual method of avoiding deposits in the 
reactor and of controlling the polymer morphology. Carrier materials 
are preferably silica gel, magnesium chloride, aluminum oxide, meso- 

40 porous materials, aluminosilicates, and organic polymers such as 
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polyethylene, polypropylene or polystyrene, in particular silica gel 
or magnesium chloride • 

The activator compounds (B) and the metal complex (A) can be con- 
5 tacted with the carrier in various orders or simultaneously. As a 
rule, this is done in an inert solvent, which can be filtered off or 
evaporated after the immobilization. It is also possible, however, to 
use the still-moist supported catalyst. Thus either the mixing of the 

10 carrier with the activator compound or compounds can be done first, 
or the carrier is first contacted with the polymerization catalyst. A 
preactivation of the catalyst with one or more activator compounds is 
also possible before mixing with the carrier. The quantity of metal 
complex (A) (in mmol) per gram of carrier material can vary broadly, 

15 for instance between 0.001 and 1. The preferred quantity of metal 
complex (A) per gram of carrier material ranges between 0.001 and 0.5 
mmol per gram, and especially preferably between 0.005 and 0.1 mmol 
per gram. In one possible embodiment, the metal complex (A) is pro- 
duced in the presence of the carrier material. A further way of immo- 

20 bilizing is the prepolymerization of the catalyst system, with or 
without prior supporting it. 

By the process of the invention, polymers of olefins can be pre- 
pared. The term "polymerization", as used here to describe the inven- 
25 tion includes both polymerization and oligomerization; that is, by 
these methods, oligomers and polymers with molecular 'weights in the 
range from about 56 to 4,000,000 can be created. 

Because of their good mechanical properties, the polymers and co- 
30 polymers of olefins which are produced with the complexes of the in- 
vention are especially well suited to producing films, fibers and 
moldings. This is true for both the polymers and copolymers, which 
are obtained by using one or more of the substituted monocyclopenta- 
dienyl, monoindenyl, monof luorenyl or heterocyclopentadienyl com- 
35 plexes of chromium, molybdenum or tungsten, according to the inven- 
tion, and also applies to the combinations of these with one or more 
catalysts (C) that are conventionally used for the polymerization of 
olefins • 

40 
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The catalysts of the invention exhibit very good productivities. 
Compared with the results of DE-A 197 10 615, one finds better (pres- 
sure-averaged) activities, especially at polymerization conditions 
that are industrially relevant (polymerization time, one hour). 

5 

Unexpectedly, the complexes of the invention are also distin- 
guished by good thermal stability. They can, for instance, be heated 
without decomposition in reflux in toluene over a period of several 
10 hours. 

The following examples illustrate the invention: 

Unless otherwise noted, all experiments were carried out under 
15 conditions of air and moisture exclusion. Toluene and THF were dried 
via a molecular sieve column or sodium/benzophenone and distilled. 
Triisobutylaluminum (2 M in heptane) was procured from Witco GmbH, 
MAO (methylaluminoxane, 10% in toluene) and N,N'- 
dimethylaniliniumtetrakis (pentaf luorophenyl ) borate from Albemarle, 
20 and MAO (methylaluminoxane, 30% in toluene) from Witco. ' 

The starting compounds named below were prepared in accordance 
with the directions in the literature cited: 

25 - 8-bromoquinoline 

a) J. Mirek, Roczniki Chem. 1960, 34, 1599-1606; 

b) E. Reimann, in Houben-Weil, Methoden der Organischen Chemie 
[Methods of Organic Chemistry], 4th ed.. Vol. E7a, 366 

30 - 8-bromo-2-methylquinoline: C. M. Leir, J. Org. Chem. 1977, 42, 
911-913 

2,3,4,5-tetramethylcylopent-2-enone: F. X. Kohl, P. Jutzi, J. Or- 
ganomet. Chem. 1983, 243, 119-121 

35 

2 , 3-dimethylcyclopent-2-enone 

a) M. Dorsch, V. Jager, W. Sponlein, Angew. Chem. [Applied Chem- 
istry] 1984, 96, 815-16; Angew. Chem., Int. Ed. Engl. 1984, 
23, 798; 

40 
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b) M. Dorsch, Dissertation, Universitat Wurzburg [University of 
Wiirzburg, Germany] 1985 

1- ( 8-quinolyl ) -2 , 3 , 4 , 5-tetramethylcyclopentadiene and 1- ( 8-quino- 
5 lyl ) -2 , 3 , 4 , 5-tetramethyl ) trimethylsilylcyclopentadiene : M . End- 
ers, R. Rudolph, H. Pritzkow, Chem. Ber. (1996), 129, 459-463. 



Analysis 



10 



NMR specimens were placed in containers in inert gas and option- 
ally melted in. In the ^H- and ^^C-NMR spectra, the solvent average 
signals, whose chemical shift to TMS was recalculated, served as an 
internal standard. NMR measurements were done using a Bruker AC 200 
15 and, in particular in the case of COSY experiments, a Bruker AC 300. 

Mass spectra were measured using a VG Micromass 7070H and a Fin- 
nigan MAT 8230. High-resolution mass spectra were measured using the 
Jeol JMS-700 and VG ZAB 2F equipment. 

20 

Elementary analyses were determined using a Heraeus CHN-O-Rapid. 

The comonomer content of the polymer (% Ce), its methyl side 
chain content per 1000 C atoms in the polymer chain (CH3/IOOO), and 
25 its density were determined by IR spectroscopy. 

The T] value was determined with an automatic Ubbelohde viscometer 
(Lauda PVS 1) using decahydronapthalene as a solvent, at 130°C (ISO 
1628 at 130EC, 0.001 g/ml of decahydronapthalene). 

30 

The determination of the molar mass distributions and the average 
values Mn, Mw and Mw/Mn derived from them were done by high-tempera- 
ture gel permeation chromotography in accordance with DIN 55672, un- 
der the following conditions: Solvent: 1 , 2 , 4-trichlorobenzene; flow 
35 rate: 1 ml/min; temperature: 140^0; calibration by PE standards. 

Abbreviations used: 

Cp cyclopentadienyl 
Me methyl 
40 Ph phenyl 
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Cat. catalyst (the transition metal complex of the inven- 
tion) 

Sup. Cat. supported catalyst 

T temperature during the polymerization 

5 t duration of the polymerization 

p pressure during the polymerization 

Mw weight average molecular weight 

Mn number average molecular weight 

10 Tm melting temperature 

T] Staudinger index (viscosity) 

Density Polymer density 

CH3/IOOO number of methyl side chains per 1000 C atoms 

% Cs comonomer content of the polymer, in weight-% 

15 THF tetrahydrof uran 

MAO methylaluminoxane 



General Formulation for Synthesis: 

20 Ligand Syntheses: 

8-bromoquinoline or N,N-dimethylaniline were mixed with an equi- 
molar quantity of n-BuLi and then reacted with tetramethylcyclopente- 
none or 1-indanone. After hydrolysis and acid-catalysed elimination 
25 of water, the corresponding ligand was isolated (yields between 40 
and 70%) . 

Complex syntheses: 

30 The ligand anions were produced by deprotonization with n-BuLi or 
potassium hydride and mixed with the corresponding metal halide. 
Cleaning was done by reprecipitation or recrystallization (yields as 
a rule approximately 60%). 

35 Example 1 

1.1. Preparation of l-(2-N,N-dimethylaminophenyl)-2,3,4,5-tetra- 
methylcyclopentadiene 

40 



■^t 5v3 &^'*^C2.1>^S s:? - o #k ^ ?^ 
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80.0 ml (0.20 mmol) of n-BuLi in hexane, 2.5 were slowly added 
dropwise at O^c to 30.0 g (0.25 mol) of N,N-dimethylaniline. The mix- 
ture was then heated in reflux for 52 hours. After the orange solu- 
tion had codled to room temperature, 27.6 g (0.20 mol) of tetrame- 
5 thylcyclopentenone was added slowly and boiling was done for a fur- 
ther 48 hours in reflux. After cooling down to room temperature, the 
orange suspension was poured on ice and brought to pH = 2 with con- 
centrated hydrochloric acid. The red solution was stirred for a fur- 

10 ther 30 minutes and made alkaline with concentrated cumnonia solution. 
The organic phasie was separated from the aqueous phase, and the 
aqueous phase was extracted with diethyl ether. The combined organic 
phases were dried, and the solvent was removed under vacuum. The raw 
product was distilled in a vacuum using a 10 cm Vigreux column at 110 

15 to 1150c and 10-2 mbar, and thus 14.2 g of 1- ( 2-N,N-dimethylaminophe- 
nyl)-2,3,4,5-tetrcuaethylcyclopentadiene (30%) was obtained in the 
form of an orange-colored oil. 

1.2. Preparation of dichloro- [ 1- ( 2-N , N-dimethylaminophenyl^) - 
20 2,3,4,5-tetramethylcyclopentadienyl] chromium (III) 

A solution of 1.66 mmol of lithium l-( 2-N,N-dimethylaminophenyl)- . 
2,3,4,5-tetramethylcyclopentadienyl in 20 ml of THF (from 0.4 g of 
the corresponding cyclopentadienyl compound (1.66 mmol) and 0.66 ml 

25 of 2.5 M BuLi in hexane (1.66 mmol)) was added slowly dropwise with a 
transfer cannula via a septum at room temperature to a suspension of 
0.6 g of CrCla (THF) 3 (1.66 mmol) in 50 ml of THF. The reaction mix- 
ture was stirred for 12 hours, and then all the volatile components 
were removed from the blue-green suspension in a high vacuum. The 

30 solid residue was distributed in toluene and filtered. After multiple 
extraction of the frit residue with hot toluene, the solvent was re- 
moved from the combined extracts. The blue-green powder obtained was 
washed with hexane and dried in a high vacuum. It was possible to ob- 
tain crystals of the product from a toluene solution at -30^0. 0.47 g 

35(79%) of dichloro- [ 1- ( 2-N, N-dimethylaminophenyl ) -2 , 3 , -4 , 5-tetrame- 
thylcyclopentadienyl] chromium (III) were isolated. 

MS (EI):m/2 (%) = 362 ( 10, M+); 326 (100, M+- HCl); 311 (72, M+- HCl, 
-CH3); 290 (14, M+-2 HCl); 241 (32, CpMe4(PhNMe2)H+) ; 224 

40 
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(CpMe4(PhNMe2)+-CH3, -H); 209 (CpMe4 (PhNMe2)+-2CH3, -H); 120 
(10, N,N-dimethylaniline+) 

Example 2 

5 

Preparation of bis { [ 1- ( 2-N , N-dimethylaminophenyl ) -2 , 3 , 4 , 5-tetra- 
methylcyclopentadienyl ] dicarbonylchromium ( I ) } 

10 Chromohexacarbonyl (1.14 g, 5.17 mmol) was suspended in 50 ml of 
n-decane, and 0.8 g of l-(2-N, N-dimethylaminophenyl) -2,3,4, 5-tetrame- 
thylcyclopentadiene (3.45 mmol) were added. After slow heating to 
200OC and boiling in reflux, a black-brown suspension was formed. Af- 
ter that, the n-decane was removed in a vacuum (5 x 10"^ mbar, 60^0; 

15 the residue was distributed in dichloromethane and applied to a col- 
umn (12 cm, AI2O3, 5% H2O) . With dichloromethane, a single, green 
fraction was eluted. After removal of the solvent in a high vacuum, 
0,52 g of bis{ [ l-(2-N, N-dimethylaminophenyl) -2,3,4, 5-tetramethylcy- 
clopentadienyl] dicarbonylchromium (I)} (22%) was obtained. 

20 

IH-NMR: (200 MHz, CD2CI2) 8 = 1.64, 1.88 (s), 24 H, cyclopentadienyl- 
CH3); 2.26 (s, 12 H, N-CH3); 6.88 (d, 2 H, CHAr); 7.00 (t, 2 
H, CifAr); 7.15-7.21 (m, 2 H, CHAr); 7.53 (d, 2 H, CHAr). 

25 13C-NMR: (50 MHz, CD2CI2) 6 = 9.74, 10.22 (CP-CH3); 29.69 101.07 (Cp, 
q); 42.68 (N-CH3); 124.8, 101.3 (CAr, q); 117.6, 120.8, 
128.15, 135.98 (CAr, t). 

MS (EI):m/2 (%) = 669 (78, M+-CO, +H), 584 (52, M+- 4 CO), 290 (100, 
30 M+/2-2CO-2H), 241 (20, CpMe4 (PhNMe2 ) + ) 

FT-IR: (CH2CI2) V (cm-1) = 1849.5 (vs, Vm-c=o) . 1875.5 (m, Vm-c=o)- 
Example 3 

35 

Photochemical preparation of dichloro- [ 1- ( 2 -N , N-dimethylaminophe- 
nyl ) -2 , 3 , 4 , 5-tetramethylcyclopentadienyl ] chromium ( III ) 

A solution of 0.15 g of bis{ [ l-(2-N, N-dimethylaminophenyl) -2,3,- 
40 4, 5-tetramethylcyclopentadienyl] dicarbonylchromium (I)} (0.21 mmol) 
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in 50 ml of dichloromethane was irradiated for 48 hours with a high- 
pressure mercury lamp. A color change of the initially green solution 
to blue was observed. After the termination of the irradiation, the 
reaction mixture was concentrated in a vacuum and covered with a hex- 
5 ane layer at room temperature. Blue needles crystallized out of the 
hexane layer. Their EI mass spectroscopic analysis showed that they 
were the complex of dichloro-[l-(2-N,N-dimethylaminophenyl)- 
2,3,4,5-tetramethylcyclopentadienylJchromium (III) (0.05 g, 32%). 

10 

Example 4 

Preparation of 1 - [ 2 - ( N , N-dimethy laminopheny 1 ) ] indene 

15 At room temperature while stirring, 36 ml of n-BuLi (2.5 M in 
hexane, 0.09 mmol) was added dropwise to 18 g of N,N-dimethylaniline 
(0.14 mmol). After the addition was ended, the mixture was boiled at 
lOO^C in reflux for 72 hours. The product was a yellow suspension, 
into which 11.8 g of 1-indanone (0.09 mmol) in 30 ml of THF was added 

20 dropwise with ice cooling. The resulting mixture was boiled in reflux 
for another three hours. After cooling to room temperature, ice and 
then hydrochloric acid to pH 1 was added and the micxture was stirred 
for 30 minutes. Next, the product was neutralized with ammonia solu- 
tion and stirred for another half hour. The phases were separated; 

25 the aqueous phase was extracted with diethyl ether; the combined or- 
ganic phases were dried and filtered and concentrated until dry in a 
vacuum. The hydroxy compound was obtained as a raw product, which 
when treated again with hydrochloric acid until the pH was 0, heated 
for two hours in reflux, and then neutralized and distilled at 125^0 

30 and 7 x 10-2 mbar yielded 3.1 g of l-[2-(N,N-dimethylaminophe-nyl) Jin- 
dene (14%) in the form of brown oil. 

MS (EI);m/z (%) = 235 (M+, 100.0), 220 (M+- CH3, 52). 

35 Example 5 

Synthesis of l-(8-quinolyl)-2,3-dimethylcyclopentadiene 

5 ml of n-BuLi (2.5 M in hexane, 12.5 mmol) were added at -95^C 
40 dropwise to a solution of 2.5 g of 8-bromoquinoline (12 mmol) in 120 

25 
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ml of THF; this was stirred for 15 minutes, and then 1.3 g of 2,3-di- 
methylcyclopent-2-enone (12 mmol), dissolved in 10 ml of THF, was 
added. After warming to room temperature, the solution was heated for 
one hour in reflux. The cooled reaction mixture was hydrolized with 
5 ice, acidified with hydrochloric acid, and then neutralized with am- 
monia solution. The aqueous phase was extracted with diethyl ether, 
and the combined organic phases were dried. Distillation at 150<^C and 
0.05 mbar yielded 1.1 g of l-(8-quinolyl)-2,3-dimethylcyclopentadiene 
10 (40%) in the form of a yellow, viscous oil. 

IH-NMR: (200 MHz, CDCI3) 8 = 1.90 (s, 3H, CH3); 2.03 (s, 3H, CH3); 

3.59 (m, 2H, CH2); 6,19 (s, IH, CH) ; 7.32-7.73 (m, 4H, quino- 
line-H); 8.13 (dd, IH); 8.89 (dd, IH). 

15 

13C-NMR: (50 MHz, CDCI3) 5 = 12.4, 14.1 (CH3); 44.4 (CH2); 120.5, 
125.8, 126.3, 127.1, 129.8, 135.9, 149.4 (CH); 128.5, 135.9, 
139.1, 140.0, 143.8, 146.8 (quart. C) 

20 MS (EI):m/z (%) = 221 (86) [M+]; 220 (100) [M+ -H]; 206 (31) [M+ 
-CH3]; 191 (9) [M+ -2CH3]. 

Example 6 

25 Preparation of dichloro- [ 1- ( 8-quinolyl ) -2 , 3 , 4 , 5-tetramethylcyclo- 
pentadienyl ] chromium ( III ) from 1- ( 8-quinolyl ) -2 , 3 , 4 , 5-tetramethylcy- 
clopentadienyl ] potassium 

0.4 g of l-( 8-quinolyl) -2, 3, 4, 5-tetramethylcyclopentadiene (1.61 
BOmmol) was added to a stirred mixture of 0.06 g of potassium hydride 
(1.61 mmol) and 20 ml of THF. After three hours of stirring, a red 
solid precipitated out of the solution. This suspension was trans- 
ferred with a transfer cannula into a mixture of 0.6 g of CrCl3 (THF) 3 
in 20 ml of THF at room temperature. After 16 hours of stirring, the 
35 THF was removed in a high vacuum, and the solid was distributed in 
toluene. The insoluble potassium chloride was filtered off. The sol- 
vent was removed; the residue was washed with hexane and dried in a 
high vacuum. The product was isolated as 0.4 g of green powder with a 
70% yield. 

40 
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MS (EI):m/z (%) = 370 (12, M+); 334 (19, M-^-Cl); 249 (99, Me4C5(quino- 
line)+-H) 

HR-EI-MS: 370.02213 (calculated), 370.02203 (measured). 

5 

Example 7 

Preparation of dichloro- [ 1- ( 8-quinolyl ) -2 , 3 , 4 , 5-tetramethylcyclo- 
10 pentadienyl] chromium (III) from l-( 8-quinolyl ) -2,3,4, 5-tetramethyl- 
trimethylsilylcyclopentadiene 

0.08 g of CrCla (THF)3 (0.23 mmol) were suspended in 20 ml of tol- 
uene, and 0.08 g of 1- ( 8-quinolyl ) -2 , 3 , 4 , 5-tetramethyltrimethylsilyl- 
15 cyclopentadiene (0.23 mmol) were added. The reaction mixture was 
heated in reflux for three hours, and after a further 16 hours of 
stirring at room temperature the toluene was distilled off in a high 
vacuum. The green powder obtained was washed with hexane and dried in 
a high vacuum. 

20 

MS (EI)2m/z (%) = 370 (12, M+); 334 (19, M+-C1); 249 (99, Me4C5(quino- 
line)+-H) 

Example 8 

25 

l-( 8-quinolyl )indenylchromium (III) dichloride 
8.1. Preparation of l-(8-quinolyl)indene 

30 8-bromoquinoline (10.4 g, 50 mmol) was first placed in 100 ml of 
THF and cooled to approximately -lOOoc. 20 ml of n-BuLi (2.5 M in hex- 
ane, 50 mmol) were added dropwise, and the internal temperature was 
kept below -80^0 • After the addition was ended, stirring was continued 
for a further 15 minutes at -80^0, and then 6.6 g of 1-indanone (50 

35 mmol), dissolved in 30 ml of THF, were added dropwise. The reaction 
mixture was then allowed to return to room temperature slowly and 
then heated for three hours in reflux. Once the mixture had cooled to 
room temperature, first ice and then hydrochloric acid was added to 
approximately pH 1, and the mixture was stirred for 30 minutes. The 

40 aqueous and organic phases were separated; the aqueous phase was 
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mixed with ammonia solution to a pH of approximately 9 and extracted 
with ether, and the combined organic phases were then concentrated 
until dry in a vacuum. The thus-obtained viscous oil (l-(8-quino- 
lyl)-indan-l-ol (8H2O)) was mixed with hydrochloric acid until the pH 
5 was 0, heated for two hours in reflux, and then neutralized. After 
processing and drying, 6.6 g of l-(8-quinolyl)indene (55%) were ob- 
tained in the form of a colorless solid. 

10 l-(8-quinolyl)-indan-l-ol (8H2O) 

IH-NMR: (200 MHz, CDCI3) 6 = 2,58-2-87 (m, 3H, CH2); 6,94 (dd, IH, 
quinoline CH); 7.24-7,36 (m, 4H, CH) ; 7.44-7.50 (m, 2H, H3 , 
H6); 7.70 (dd, IH, quinoline CH) ; 8.23 (dd, IH); 8.66 (s, br, 
15 IH, OH); 8.92 (dd, IH). 

13C-NMR: (200 MHz, CDCI3) 6 = 30.2, 44.8 (CH2); 87.2 (COH); 120.8, 
124.7, 125.1, 126.4, 126.9, 127.2, 127.5, 128.2, 137.9, 147.7 
(CH); 127.4, 129.2, 142.6, 143.8, 146.7 (quart. C) . 

20 

1- ( 8-quinolyl ) indene 

Melting point: IO8OC. 

25 iH-NMR: (200 MHz, CDCI3) 6 = 3.69 (d, 2H, CH2); 6.80 (t, IH, =CH) ; 

7.12-7.26 (m, 3H); 7.41 (dd, IH); 7.55-7.64 (m, 2H); 
7.81-7.88 (m, 2H); 8.21 (dd, IH); 8.92 (dd, IH). 

13C-NMR: (50 MHz, CDCI3) 6 = 38.8 (CH2); 121.0, 121.2, 123.8, 124.5, 
30 125.8, 126.3, 127.8, 130.0, 133.5, 136.1, 150.0 (CH); 128.6, 

135.9, 143.7, 144.0, 145.6, 146.7 (quart. C) . 

MS (EI):m/z (%) = 243 (65) [M+]; 242 (100) [M+-H] . 

35 HR-MS (EI): 243.1048 (calculated), 243.1038 (found). 

C, H, N analysis: 

Calculated: 88.86% C, 5.39% H, 5.75% N. 
Found: 87.55% C, 5.52% H, 5.92% N. 

40 
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8.2. Preparation of dichloro- [ 1- ( 8-quinolyl ) indenyl ] chromium 
(III): 

0.05 g of potassium hydride (1.23 mmol) were suspended in 20 ml 
5 of THF, and 0.3 g of l-(8-quinolyl)indene (1.23 mmol) were added 
slowly. After stirring for three hours at room temperature, the ob- 
tained violet suspension was added dropwise to a mixture of 0.46 g of 
chromium (III) chloride x 3THF (1.23 mmol) in 50 ml of THF, and sub- 

10 sequently the mixture was stirred for a further 16 hours. The solvent 
was removed in a vacuum and the solid thus obtained was extracted us- 
ing hot toluene- After the solvent had been distilled off from the 
combined extracts, the product was in the form of a green powder, 
which was washed several times with hexane and dried in a high vacu- 

15 um. 0.22 g of dichloro-[ l-(8-quinolyl) indenyl] chromium (III) (50%) 
was obtained. 

Alternatively, it was also possible to distribute the residue in 
methylene chloride, and after the filtration off of potassium chlo- 
20 ride and removal of the solvent, the chromium complex was again ob- 
tained. 

MS (EI):m/z (%) = 364 (0.2, M+); 329 (0.1, M+-C1); 242 (100, ind(qui- 
noline)"*") 

25 

HR-EI-MS: 363.97519 (calculated), 363.97615 (measured) 
Example 9 

30 9.1. Preparation of l-(8-quinolyl)-2-methylindene 

6.70 ml of n-BuLi (16.8 mmol) was added dropwise at lOO^C to a 
solution of 3.50 g of o-bromoquinoline (16.8 mmol) in 50 ml of THF, 
and the mixture was stirred for 15 minutes at SO^C. Next, a solution 

35 of 50 ml of THF and 2.45 g of 2- methyl- 1-indanone (16.8 mmol) was 
added within ten minutes to the lithiated bromoquinoline. The solu- 
tion was left to return to room temperature, and subsequently boiled 
for three hours in reflux. After cooling to room temperature, ice was 
added and the mixture was acidified to pH 1 with hydrochloric acid, 

40 and subsequently heated under relfux for three hours. The reaction 
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mixture was adjusted with ammonia solution to pH 9, and the aqueous 
phase was extracted with diethyl ether. The combined organic phases 
were dried, and the solvent was removed. The raw product was purified 
by distillation in a vacuum at 150 to 160^0 and 10^2 mbar. 1.5 g of 
5 l-(8-quinolyl)-2-methylindene (45%) were obtained in the form of a 
viscous yellow resin. 

9.2. Preparation of dichloro- [ 1- ( 8-quinolyl ) -2-methylinde- 
10 nyl] chromium (III) 

l-( 8-quinolyl )-2-methylindene (0.3 g, 1.16 mmol) were added drop- 
wise, while being cooled with ice, to a suspension of 0.04 g of po- 
tassium hydride (1.16 mmol) in 10 ml of THF. The resulting mixture 

15 was then warmed to room temperature and stirred for three hours. The 
deep-violet solution was added dropwise at -SO^C to CrCls (THF) 3 in 20 
ml of THF. Subsequently, the reaction mixture was heated, the solvent 
was removed in a vacuum, the residue was extracted with warm toluene, 
and precipitated potassium chloride was filtered off. After the re- 

20 moval of the solvent in a high vacuum, 0.35 g of dichloro- [ l-( 8-qui- 
nolyl )-2-methylindenyl] chromium (III) (79%) in the form of a green 
powder was obtained. 



10.1. Preparation of 1- ( 2-methyl-8-quinolyl ) -2 , 3 , 4, 5-tetramethyl- 
cyclopentadiene 

A solution of 4.4 g of 8-bromo-2-methylquinoline (20 mmol) in 50. 

30 ml of THF was cooled to -78^0, and 8.8 ml of n-BuLi (2.5 M in hexane, 
22 mmol) was added dropwise while stirring. After ten minutes of 
stirring, 3.5 g of 2,3,4,5-tetramethylcyclopentenone (25 mmol) was 
added dropwise; the solution was heated to room temperature and then 
heated in reflux for one hour. The solution was cooled down; ice and 

35 hydrochloric acid to approximately pH 1 were added; and after neu- 
tralization with ammonia solution, the phases were separated and the 
aqueous phase was extracted with pentane. The combined organic ex- 
tracts were dried, the pentane was removed in a vacuum, and the re- 
maining brown oil was distilled in a high vacuum (boiling point: II50C 

40 at 0.01 mbar). A 60% yield (3.2 g) of l-(2-methyl-8-quinolyl)- 
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2,3,4,5-tetramethylcyclopentadiene in the form of yellow, viscous oil 
was obtained. 

IH-NMR: (200 MHz, CDCI3) 8 = 6a: 1.55 (s, 6H); 1.78 (s, 6H); 2.64 (s, 
5 3H); 5.53 (s, IH); 6.84 (dd, IH); 7.12-7.50 (m, 3H); 7.90 (d, 

IH) . 

6b: 0.71 (d, 3j(h,H) = 7.6 Hz, 3H); 1.82 (s, 3H); 
10 1.87-1.88 (m, 6H); 2.58 (s, 3H); 4.20 (m, IH); 7.09-7.55 (m, 

4H); 7.89 (d, IH). 

13C-NMR: (50 MHz, CDCI3) 8 = 6a: 11.2, 11.3 (CH3); 25.6 (quinoline 
CH3); 56.3 (allyl CH); 121.3, 125.7, 126.4, 130.5, 136.2 
15 (quinoline CH), 135.6, 138.9, 139.0, 1412.8, 147.0, 157.4 

( quart . C ) . 

6b: 12.0, 12.2, 13.0, 14.2 (CH3); 25.7 (quinoline CH3); 
52.1 (allyl CH); 121.4, 125.0, 125.3, 125.8, 136.0 (quinoline 
20 CH); 126.7, 126.8, 131.2, 134.6, 138.4, 142.7, 146.7, 157.8 

(quart. C) . 

MS (EI):m/z (%) = 263 (85) [M+]; 262 (100) [M+ -H]; 248 (98) [M+ 
-CH3]; 232 (20) [M+ -H -2CH3]; 218 (10) [M+ -3CH3]. 

25 

HR-MS (EI): 263.1674 (calculated), 263.1647 (found). 

10.2. Preparation of dichloro ± [ 1- ( 2-methyl-8-quinolyl ) -2 , 3 , 4 , 5- 
tetramethy Icyc lopentadieny 1 ] chromium (III) 

30 

0.3 g of 1- ( 2-methyl-8-quinolyl ) -2 , 3 , 4 , 5-tetramethylcyclopenta- 
diene) (1.14 mmol) in 30 ml of THF was deprotonized with 0.45 ml of 
n-butyllithium (2.5 M in hexane, 1.14 mmol). After two hours of stir- 
ring, the red solution was dripped onto a suspension of chromium 

35 (III) chloride in 20 ml of THF. After 16 hours of stirring at room 
temperature, the solvents were condensed off, and the thus- obtained 
residue was distributed in 20 ml of toluene. The green suspension was 
filtered, and the residue was extracted multiple times with hot to- 
luene. After the usual processing, the product was obtained in the 

40 form of a green powder (0.22 g) in a 50% yield. 
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MS (EI):m/z (%) = 384 (54, M+); 348 (100, M+ - CI); 263 (62, M+ 
-2C1-Cr+ 2H); 248 (49, M+-2C1-Cr-CH) • 

5 HR-EI-MS: 384.03778 (calculated), 384.03775 (measured). 

Examples 11-27 

10 Polymerization with ethene 

The polymerization examples listed in Table 1 were performed at 
an ethene pressure of 1 bar in a 50- and 250-ml flask with an over- 
pressure valve. 

15 

The complexes were suspended in the applicable quantity of tolu- 
ene and activated with the appropriate quantity of methylaluminoxane, 
forming homogeneous violet solutions. Ethene was then passed over 
while stirring. The reaction vessel was kept at the indicated tem- 
20 perature using a water bath. After the completion of the polymeriza- 
tion, the polymers obtained were was obtained in the form of a white 
solid, which was filtered off, washed with methanol, and dried at 
90OC. 

25 In Examples 11-16, the complex from Example 1, dichlo- 

ro- [ 1- ( 2-N , N-dimethylaminophenyl ) -2 , 3 , 4 , 5-tetramethylcyclopentadie- 
nyl] chromium (III), was used; 

in Examples 17-20, the complex from Example 6, dichloro-[ l-( 8- 
quinolyl ) -2 , 3 , 4 , 5-tetramethylcyclopentadienyl ] chromium ( III ) , was 

30 used; and 

in Examples 21-27, the complex from Example 8^ dichlo- 
ro-[l-(8-quinolyl)indenyl] chromium (III), was used. 
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Example 28 

Copolymerization of ethene with 1-hexene, using l-( 8-quinolyl) in- 
denylchromium (III) dichloride as a catalyst. 

5 

The experiment was performed analogously to Examples 11-27 in the 
presence of 10 ml of 1-hexene. 2 mg (0.0054 mmol) of chromium complex 
from Example 8 in 100 ml of toluene were used. The Al:Cr ratio- was ' 
10 1000:1. The polymerization was discontinued^ after 30 minutes. 3.09 g 
of copolymer were isolated. This corresponds to an activity of 1144 g 
of polymer/ ( mmol • bar • h ) . 

Examples 29-51 

15 

Polymerization of ethene and copolymerization of ethene with 
1-hexene 

The polymerization experiments were performed in a 1-liter four- 
20 neck flask, provided with a contact thermometer, agitators with a 
teflon blade, bowel shaped electrical heater and gas introduction 
tube. In an argon atmosphere, between 5 and 20 \mol of each of the 
complexes were placed beforehand in 250 ml of toluene at 40°C. 

25 In the activation with MAO, the respective quantities of 1.6 M 

MAO solution in toluene listed in Table 2 were added. 

In the activation with borate, the quantity of DMAB (dimethylani- 
liniumtetrakis(pentaf luorophenyl) borate) indicated in Table 2 was 

30 added, heated to VO^C, and then mixed with TiBAl ( triisobutylalumi- 
num) . The solution was cooled to 40^0, and then ethylene at a rate of 
about 20 to 40 liters /hour was passed through it for one hour at at- 
mospheric pressure. In the copolymerization experiments, first 5 ml 
of hexene was added before the ethylene was introduced, and ethylene 

35 was then passed through. The remaining quantity of hexene was added 
via a drip funnel within 15 minutes. 

The reaction was stopped by adding a mixture of 15 ml of concen- 
trated hydrochloric acid and 50 ml of methanol, and stirring was con- 
tinued for 15 minutes. After the addition of a further 250 ml of 

40 methanol and stirring for 15 minutes, residues were filtered off, 

34 



MZHAN t al. 



OZ 0050/50544 



then washed three times with methanol, and dryed at 70^C. Table 2 sum- 
marizes the polymerization and product data. 

In Example 29, the complex from Example 1, dichloro-[l- 
5 ( 2-N , N-dimethylaminophenyl ) -2 , 3 , 4 , 5-tetramethylcyclopentadienyl ] chro- 
mium (III) was used, and 

in Examples 30-34, the complex from Excunple 6, dichloro-[ l-( 8- 
quinolyl ) -2 , 3 , 4 , 5-tetramethylcyclopentadienyl ] chromium ( III ) , was 
10 used; 

in Examples 35-45, the complex from Example 8, dichlo- 
ro-[ l-(8-quinolyl) indenyl] chromium (III), was used; 

in Examples 46-49, the complex from Example 9, dichloro-( l-( 8- 
quinolyl)-2-methylindenyl] chromium (III) was used; and 
15 in Examples 50-51, the complex from Example 10, dichloro± [ l-( 2- 

methyl-8-quinolyl ) -2 , 3 , 4 , 5-tetramethylcyclopentadienyl ] chromium 
(III), was used. 
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Examples 52-56 

Autoclave copolymerizations of ethylene with 1-hexene 

5 In a 1-liter steel autoclave, the MAO quantities (1.6 M in tolu- 
ene) listed in Table 3, 300 ml of toluene, and 50 ml of hexene were 
provided. The autoclave was brought to the temperature indicated in 
Table 3, and the catalyst dissolved in toluene was metered in with 
10 ethylene via a gate, so that at the same time the desired ethylene 
pressure was established. 

The data for the polymerization conditions and the product prop- 
erties are found in Table 3. 

15 

In Examples 52-54, the complex from Example 6, dichlo- 
ro- [ 1- ( 8-quinolyl ) -2 , 3 , 4 , 5-tetramethylcyclopentadienyl ] chromium 
(III), was used; 

in Example 55, the complex from Example 1, dichloro-[ l-(2-N,N-di- 
20 methylaminophenyl ) -2 , 3 , 4 , 5-tetramethylcyclopentadienyl ] chromium 
(III), was used; and 

in Example 56, the complex from Example 8, dichloro-[ l-( 8-quino- 
lyl ) indenyl ] chromium (III), was used. 
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Examples 57-60 

Polymerization of propene 

5 The corresponding chromium complexes were suspended in 30 ml of 
toluene and mixed with the applicable quantity of MAO (Table 4) in a 
nitrogen flask. The propene was introduced into the reaction mixture 
at room temperature at a gas pressure of 1 bar via a gas introduction 
10 tube. After the reaction, the raw product was brought to pH 1 with 
methanol /hydrochloric acid. After the organic phase was dried, the 
polymers were obtained in the form of colorless solids. 

In Example 57, the complex from Example 1, dichloro-[l- 
15 ( 2-N , N-dimethy laminophenyl ) -2 , 3 , 4 , 5-tetramethy Icyclopentadienyl ] chro- 
mium (III) was used, 

in Example 58, the complex from Example 6, dichloro-[ l-(8-quino- 
lyl ) -2 , 3 , 4 , 5-tetramethylcyclopentadienyl ] chromium ( III ) , was used, 
and 

20 in Examples 59-60, the complex from Example 8, dichlo- 
ro-[l-(8-quinolyl)indenyl] chromium (III), was used. The polymeriza- 
tion data is shown in Table 4. 



Table 4: Polymerization data of Examples 57 to 60 



25 



Ex. 


Amount Cat. 
[mmol]/[mg] 


t [ min ] 


Yield 

[g] 


Activity [g PP/ 
mmol cat. h bar] 


Al:Cr 


57 


0.09/33 


90 


0.53 


3.92 


100:1 


58 


0.005/2 


120 


1.20 


111 


100:1 


59 


0.0054/2 


240 


1.06 


50 


1000:1 


60 


0.016/6 


90 


0.36 


15 


100:1 



The polypropylene from Example 60 is characterized as follows: 
M^: 82024; Mn: 7197; M^/M^i 11.4; viscosity r]z 0.53. 

35 

Example 61 

Polymerization of 1-hexene 

40 The complex from Example 8, dichloro-[ l-(8-quinolyl)indenyl]chro- 
39 



MIHAN et al. 



OZ 0050/50544 



mium (III) (2 mg, 5.4 jiinol), was suspended with 10 ml of 1-hexene and 
mixed in a 50 ml nitrogen flask with 5.4 mmol of methylaluminoxane 
(1.6 M in toluene) and stirred for 24 hours at room temperature. Af- 
ter the completion of the polymerization, the reaction mixture was 
5 adjusted with methanol/hydrochloric acid to pH 1, and the organic 
phase was dried in a vacuum. The complex is capable of polymerizing 
hexene. 

10 Examples 62 and 63 

Polymerization of ethene in the presence of H2 

The polymerizations were performed analogously to Examples 29-51. 

15 In addition, H2 at atmospheric pressure was passed through at a rate 
of about 10 liters/hour. In Example 62, ethene in the presence of the 
complex from Example 6 (5.2 mg) and methylalumoxane (Al:Cr = 350:1) 
was polymerized at 40^0 for 25 minutes. It was possible to obtain 7 g 
of PE. This corresponds to an activity of 1200 g PE/mmol Cr-h. The 

20 polymer had a density of 0.9426 g/cm^ and a viscosity of 5.51 dl/g. 

In Example 63, the complex from Example 8 (6 mg) with methylalu- 
minoxane (Al:Cr = 500:1) was used at 40oc. After a polymerization time 
of 15 minutes, 1.2 g of PE could be isolated. This is equivalent to 
25 an activity of 350 g PE/mmolCr^h. The polymer had a density of 0.9296 
g/cm^ and a viscosity of 17.9 dl/g. 

Example 64 (Comparative Experiment) 

30 Dichloro- [ ( 2-dicyclohexylphosphinoethyl ) cyclopentadienyl ] chromium 
was prepared in accordance with DE 197 10 615. Analogously to Exam- 
ples 62 and 63, 3.1 mg of this complex were contacted with methylalu- 
minoxane (Al:Cr = 350:1) at 40^0 with an ethene/H2 mixture. No poly- 
merization was observed (without H2, the complex was polymerization- 

35 active, with an activity of 125 g PE/mmol/Cr*h under otherwise the 
same conditions). 

Examples 65-81: Supporting on Silica Gel 

40 As silica gel, ES70X produced by Crossfield was used. 

40 
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Example 65 

18.8 ml of MAO (30 weight-% in toluene) (50 mmol) were added to 
5 233 mg of dichloro-[ l-(8-quinolyl) -2,3,4, 5-tetramethylcyclopentadie- 
nyl]chromium (III)*LiCl, partly dissolved in 40 ml of toluene, and 
the mixture was stirred at room temperature for 15 minutes. Then 8.2 
g of silica gel (calcined at 130^C) were added to the reaction mix- 
10 ture, and the suspension thus obtained was stirred for three hours at 
room temperature. The solid was then filtered off and washed twice 
with heptane. The solid thus isolated was dried in a vacuum. Yield: 
17.5 g of supported catalyst. The load amounts to 70 |jmol per g of 
carrier, and the Al:Cr ratio of the starting materials was 150:1. 

15 

Example 66 



The procedure of Example 65 was performed with 2.21 g of silica 
gel, 68.1 of dichloro-[l-(8-quinolyl)indenyl]chromium»KCl, 5 g of MAO 
20 (30 weight-% in toluene) and 10 ml of toluene. The yield obtained was 
4.8 g of supported catalyst with a loading of 70 \mol Cr per g of car- 
rier (Al:Cr = 150:1) . ' ' 



Example 67 

25 

80.2 mg of dichloro-[ l-( 8-quinolyl)indenyl] chromium* KCl was dis- 
solved in 4.8 ml of MAO (30 weight-% in toluene) (Cr:Al = 1:120) and 
0.3 ml of toluene. After 15 minutes of stirring, the solution was 
slowly added dropwise while stirring to 2.6 g of the silica gel. Af- 
30 ter one hour of stirring, the solvent was removed in a vacuum. The 
yield was 4.7 g of the supported catalyst with a loading of 70 mmol 
Cr per g of carrier. 

Excunple 68 

35 

5.3 g of the silica gel were placed in a stirring apparatus (6 
hours/130^C/vacuum) . 

In a flask, in succession, 140.1 mg of dichloro-[ l-( 8-quino- 
lyl) indenyl] chromium* KCl (318 mmol A 60 \mol Cr per g of carrier) and 
40 85.7 mg of bis (n-butylcyclopentadienyl) zirconium dichloride (212 mmol 
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A 40 \mol Cr per g of carrier) were weighed out. 63.6 mmol of MAO 
(13.4 ml, 4.75 M in toluene = 30 weight-%) were added, and the mix- 
ture was stirred at room temperature for 30 minutes (Al:Cr = 120:1). 
This solution was then dispensed over about ten minutes uniform- 
5 ly, while slowly stirring, into the carrier via a drip funnel. 
Through a teflon hose, the solution was dripped directly onto the 
carrier. Further stirring was done for one hour at room temperature, 
and then the mixture was left to stand a further two hours at room 
10 temperature. 

Subsequently, the solvent was removed in a vacuum. 9.2 g of the 
supported catalyst were obtained. 

Examples 69-81 

15 

The polymerizations were performed in a 10-liter stirring auto- 
clave. In a nitrogen atmosphere at room temperature, a scavenger al- 
ky 1 was placed in the autoclave in accordance with Table 5, then 4 
liters of isobutane were condensed in. After that, the mixture was 

20 heated while stirring to TO^C and then the weighed-out amount indi- 
cated in Table 5 of the supported catalyst was pressed in at an eth- 
ylene overpressure. The reactor pressure was then raised with ethyl- 
ene to a final pressure of 40 bar, and the polymerization was contin- 
ued for 60 minutes (except in Example 73, which was continued for 90 

25 minutes ) . 

The reaction was ended by depressurizing the reactor, and the 
products were removed. Table 5 summarizes the polymerization and 
product data. 
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Example 82 

4.2 mg of dichloro- [ 1- ( 8-quinolyl ) indenyl ] chromium (11.5 \mol) 
and 7.1 mg of [l,3,5-tri-5/2-ethylhexyl)-l,3,5-triazacyclohexane] 
5 chromium trichloride (which can be prepared analogously to Kohn et 
al., Angew. Chem. Int. d. Engl. 1994, 33, pages 1877-1878) were dis- 
solved in 250 ml of toluene. The mixture was heated to 40^0, and 3.4 
ml of MAO (15.4 mmol; 4.75 M in toluene) were added (Al:Cr = 650:1). 

10 

At 40^0, an ethylene stream was passed through the solution. Af- 
ter 15 minutes, the polymerization was discontinued. 10.4 g of poly- 
mer and 2.97 g of a Ce to >C2o liquid fraction were obtained. The 
polymer had a density of 0.9212 g/cm^ and a viscosity of 10.8 dl/g. 
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